 (Gut 1995; 36: 718-723) 
Nitric oxide (NO) has been implicated in a variety of diverse cellular functions and biological responses. In addition to its classic functions as a neurotransmitter and vasodilator, NO has an important role in inflammatory processes, being a mediator of macrophage function.' Under basal conditions, NO synthase activity in macrophages is negligible but stimulation with lipopolysaccharide or cytokines produces effective increase in NO generation.2 NO is synthesised from L-arginine by the enzyme NO synthase, which is present in several molecular isoforms. The two important subtypes encompass a constitutive form (calcium dependent) and an inducible form (calcium independent). NO secreted by activated macrophages is an important cytotoxic molecule in the defence against various infectious agents as well as tumour cells.1 3 High NO concentrations, however, may be toxic and may damage healthy tissue. Tissue injury may result from a combination of NO with superoxide anion, which are both actively produced in inflammatory settings, yielding the highly cytotoxic species, peroxynitrite. Peroxynitrite induces tissue injury through mechanisms entailing direct lipid peroxidation and sulphydryl oxidation. 4 We have recently established a new model of colonic inflammation induced by intracolonic administration of peroxynitrite.5 NO is a highly unstable molecule and its direct determination is difficult, however, quantification of its metabolic end products, nitrites, or nitrates, or both and determination of NO synthase activity can be used to assess NO generation.6
The aetiology of inflammatory bowel disease is still not known. Various mediators have been shown as possible participants in the pathogenesis of the inflammatory response.7 Both Crohn's disease and ulcerative colitis are characterised by an abundance of activated macrophages and granulocytes in the inflamed tissue. Generation and secretion of high NO concentrations by these cells may lead to perpetuation of local tissue damage, irrespective of the trigger of the inflammatory response. Recently, NO synthase activity in colonic mucosa resected from six patients with active ulcerative colitis was reported to be eightfold higher than its activity in normal colonic mucosa, whereas the enzyme activity in colonic mucosa of four Crohn's colitis patients was found to be unstimulated. in the presence of calcium ionophore or Nw-nitro-L-arginine, 5-ASA, acetyl-5-ASA, ketotifen, methylprednisolone or cyclosporine.
Measurement ofNO production NO, quantified by the accumulation of nitrite in the culture medium, was measured spectrophotometrically using the Greiss reaction6 with sodium nitrite dissolved in the organ culture medium as a standard. Each determination was controlled to subtract any possible interference of the medium. Briefly, 50 ,u of culture supernatants were mixed with equal volumes of 1% sulphanilamide in 0 5 N HC1. After five minutes 50 gl of 0.1% N-1-naphthylethylene-diaminedihydrochloride was added and 10 minutes later absorbance was measured at 570 nm. Citrulline was determined by applying the samples (2 ml) prepared as described to columns (1 cm diameter) containing 1 ml of Dowex AG5OW-X8, Na form, that had been pre-equilibrated with 'stop buffer'. Columns were eluted with 6 X 1 ml of water collected into scintillation vials. Aquasol-2 (10 ml) was added to each vial and samples were counted in a Beckman LS 3801 liquid scintillation spectrometer. Citrulline was recovered in the first 3 ml of the Dowex column eluate to the extent of 96±2/2%. significantly decreased NOx generatth by normal mucosa and inflamed mucosa of ulcerative colitis and Discussion disease patients. Calcium ionophore, In this study normal human colonic mucosa ther hand, induced significant increase was shown to express both calcium dependent and independent subtypes of NO synthase activity, the second isoform being responsible In this study colonic NO synthase activity was determined by monitoring the conversion of L-arginine to citrulline in the presence of Nw-nitro-L-arginine, as previously described.12
In this assay labelled products not reflecting NO synthase activity can pass through the Dowex columns and, therefore, only NO synthase activity that is inhibited by an L-arginine analogue represents real NO synthase activity. Arginase is one of the enzymes that may contribute to conversion of L-arginine to citrulline. In this study valine, which inhibits arginase activity,18 decreased the conversion of L-arginine to citrulline by 32%, similar to the extent of decrease in the conversion of L-arginine to citrulline induced by Nw-nitro-L-arginine. Nw or alternatively, that we are identifying a calcium dependent inducible isoform. The lack of effect of calcium sequestration on colonic NO synthase activity in Crohn's colitis suggests that in these patients most of the enhanced enzyme activity is calcium independent. Calcium did not induce a further increase in NO. generation by inflamed mucosa of patients with ulcerative colitis, showing that in these patients calcium independent enzyme activity is overwhelming by comparison with the modest calcium dependent activity, even when the second activity is fully stimulated. Only cloning of NO synthase from isolated colonic epithelial and inflammatory cells will show the exact contribution of each cell type to the herewith shown enhanced NO. generation and NO synthase activity in human colonic inflammation.
In patients with active ulcerative colitis and Crohn's disease, mucosal generation of nitrites reflecting NO. generation and NO synthase activity were found to be significantly increased when compared with the respective NO. generation and NO synthase activity of normal colonic mucosa. Nitrates are end products of the oxidative metabolism of the labile NO in vivo and their quantification is regarded as an indicator of NO generation. 6 Recently, plasma concentration of nitrites was found to be increased three weeks after induction of granulomatous colitis by intramural injection of peptidoglycan-polysaccharide into the distal colon of genetically susceptible rats20 and nitrite concentration was found to be increased in the lavage of trinitrobenzene sulphonic acid induced ileitis in guinea pigs.2 Moreover, L-NAME was found, in this species, to ameliorate trinitrobenzene sulphonic acid induced ileitis, further suggesting that enhanced NO synthesis promotes mucosal injury in this model.21 Organ culture was verified in this study to be a useful method to study colonic generation of inflammatory mediators and cytokines in inflammatory bowel disease, as previously used to show enhanced generation of eicosanoids,11 platelet activating factor,22 and interleukin 1.23 Recently, increased NO synthase activity was reported in the inflamed colonic mucosa of six ulcerative colitis patients,8 and also in rats, within one week after induction of colitis with trinitrobenzene In this study mucosal NO synthase activity in ulcerative colitis patients was twofold higher than in patients with active Crohn's colitis despite a similar degree of histologically assessed inflammation. A similar difference was previously reported in tissue obtained from surgical resections in five and four ulcerative colitis and Crohn's colitis patients, respectively.8 The difference in the enzyme activity between ulcerative and Crohn's colitis patients may point to an important difference in the pathogenesis of these diseases as previously reported with respect to interleukin 1. 23 The possible principal difference in the pathogenesis of Crohn's colitis and ulcerative colitis is also reflected in this study by the opposite magnitude of stimulation in NO synthase activity and NO. generation. Whereas colonic NO. generation was higher in Crohn's colitis, the enzyme activity was stimulated to a greater extent in ulcerative colitis. Enhanced colonic NO. generation during organ culture represents ex vivo induction, which is apparently different in the two diseases.
Colonic NO synthase activity was found to be NADPH dependent. The L-arginine analogue, Nw-nitro-L-arginine, decreased NO, generation measured as nitrite accumulation by organ cultured explants obtained from normal and inflamed colonic mucosa (Table I) . The inhibitory effects with this analogue at a concentration of 1 mM may be caused by an effect on the inducible, as well as the constitutive isoform, though its activity is more selective against the second.'
Several of the patients with active inflammatory bowel disease from whom biopsy specimens were obtained were treated with corticosteroids at the time of tissue sampling. Glucocorticosteroids 
